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$X$ Banach , $X^{*}$ . $B(X)$ $X$ Borel \mbox{\boldmath $\sigma$}-
. $X^{*}$ $F$ $F$ (cylinder
set) $C$ .
$C,$ $=\{x\in X;(<.T, f1>, <x., f_{2}>_{:}.\cdots, <\chi, f_{n}>)\in D\}$
$n\geq 1,$ $\{.f_{1}, f_{2,\ldots,f_{??}}\}\subset F,$
$D\in g(\mathbb{R}^{\prime\iota})$ . $F$
$C_{F}$ , .
$C(X, \mathrm{x}*)=\cup$ { $C_{F;}F$ $X^{*}$ }
$C(X, X^{*})$ . $\hat{C}(X, X^{*})$ $C(X, x^{*})$
$\sigma-$ $\hat{C}(X, X^{*})=B(X)$ . $\mathrm{t}^{\iota}$ $\int_{z\mathrm{X}},$ $||x||2d_{\mathit{1}}l(X)<\infty$
(X, $B(X)$ ) , vector $\uparrow n\in X$ operator
$R:X^{*}arrow X$ . $x^{*}\in X^{*},$ $y^{*}\in 1^{f*}$
$<\uparrow 7\mathit{1}\cdot,$ $X^{*}>= \int_{\mathrm{X}’}<.x,$ $x^{*}>cl_{l}\iota(X)$ ,
$<Rx^{*},$ $y^{*}>= \int_{\mathrm{X}’}<.\tau-\uparrow n,$ $X^{*}><x-m,$ $y^{*}>d\mu(x)$
. $\iota n$ { $l$ (nlean vector) . $R$
, $k^{l}$ (covariance operator) . $R$
$(\mathrm{s}.\backslash ^{r},11)111\mathrm{e}\mathrm{t}\mathrm{r}\mathrm{i}_{\mathrm{C})}$ ,
$x^{*},$ $y^{*}\in X^{*}$ $<Rx^{*},$ $y^{*}>=<Ry^{*},$ $x^{*}>$
(positive) .
$.’\iota^{*}\in X^{*}$ $<Rx^{*},$ $x^{*}>\geq 0$
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$f\in x*$ $\mu_{f}=\{l\mathrm{o}f^{-1}$ $\mathbb{R}$ { $l$ (X, $B(X)$ )
. $\mathrm{J}_{\iota}$ $l^{\wedge}\iota(f)$ .
$f\in x*$
$l^{l}\cdot(\wedge f)=e.\tau jp\{i$. $< \eta, f>-\frac{1}{2}<Rf, f>\}$ (1)
$m\in X$ $l^{\iota}$ , $R$ : $x*arrow X$ $l^{l}$ .
(X, $B(X)$ ) $l^{l}$ (1) $\mu$
$m\in x$ , $R$ : $\mathrm{x}*arrow X$
. $l^{\iota=}[7n, R]$ $l^{\iota}$ $m$ , $R$
$(x, B(x))$ .
3
synunetric positive operator $R$ : $X^{*}arrow X$ $X$
(Hilbert) $H$ $H$ $x$ $j$ $R=jj^{*}$
. $H$ $R$ (reproducing kernel Hilbert space)
.
. .
Lemma 1 $R$ : $X^{*}arrow X$ $\mathcal{H}$ $Q\in$
$B(X^{*}, \mathcal{H})$ .
$R=Q^{*}Q,$ $\overline{Q_{\backslash _{z}}\mathrm{X}’*}=\mathcal{H},$ $Q^{*}\mathcal{H}=X$ .
Proof. $N=\{x^{*}\in x*:<R:r^{*}, X^{*}>=0\}$ . $\mathrm{x}*$
$(.\prime l^{*}., y^{*})\prec<R^{\mathit{1}}\backslash \iota^{*}’.,$ $y^{*}>$ , $N$ $X^{*}$ .
$X^{*}/N$
$<x^{*}+N,$ $y^{*}+N>=<RX^{**},$$y>$ , $x^{*},$ $y^{*}\in X^{*}$
. $x*/N$ $\mathcal{H}$ ,
$Q$ : $x*arrow \mathcal{H}$ $Qx^{*}=.\tau^{*}+N$ . $x^{*}y^{*}$) $\in \mathrm{x}*$
$<Qx^{*}.,$ $Qy^{*}>=<Rx^{*},$ $y^{*}>$ , $Q\in\dot{B}(X^{*}, \mathcal{H})$ $Q^{*}Q=R.$
$\overline{Q\wedge \mathrm{x}^{r}*}=\prime \mathcal{H}$ . , $Q^{*}(Qx*)=R\mathrm{x}*\subset X$
$Q^{*}\mathcal{H}=Q^{*}\overline{(Q\wedge\backslash ^{-}\prime)*}\subset\overline{Q*(Q\backslash _{z}\mathrm{X}^{r}*)}\subset x$ .
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Theorem 1 $R$ : $X^{*}arrow X$ . , $X$
$\mathcal{H}_{R}$ , $j_{R}$ : $\mathcal{H}_{R}arrow X$ R=jR –
.
$\mathrm{P}$
. roof. Lelnma 1 , $\mathcal{H}$ $Q\in \mathcal{B}(.\lambda^{r*}, H)$
$R=Q^{*}Q,$ $\overline{Q_{f\mathrm{x}*}\prime}\mathcal{H}=$ , $Q^{*}H\subset X$ . , $v\in \mathcal{H},$ $Q^{*}v=0$ ,
$<v,$ $Qx^{*}>_{\mathcal{H}}=<Q^{*}v,$ $x^{*}>=0(x^{*}\in X^{*})$ . $\overline{Qx^{r_{*}}}=\mathcal{H}$ $v=0$ . $Q^{*}$
. $\mathcal{H}_{R}=Q^{*}\mathcal{H}(\subset X)$ , $\mathcal{H}_{R}$
$<Q^{*}v,$ $Q^{*}w>_{\mathcal{H}}=<v,$ $w>_{\mathcal{H}}$ , $v,$ $w\in \mathcal{H}$
, $\mathcal{H}_{R}$ $\mathcal{H}$ . , $Uv=Q^{*}v(v\in \mathcal{H})$
, $U$. : $\mathcal{H}arrow \mathcal{H}_{R}$ . , $Q^{*}=j_{R}U$
$R=Q^{*}Q=j_{R}UU*j*R=j_{R}j*R$ .
– . $\mathcal{K}$ $X$ , $j$ : $\mathcal{K}arrow X$
$R=jj^{*}$ . , $j^{*}X^{*}\subset \mathcal{K}$ , $X$
$j^{*}X^{*}=j(j^{*}X*).=R\lambda^{r_{*}},.\cdot v..\in.\mathcal{K}$ , $v\in(i^{*\mathrm{x}*})^{\perp}$ , $<jv,$ $x^{*}>=<$
$v,j^{*}x^{*}>\kappa^{=0}(x^{*}.\in X^{*})$ . $jv=0$ $v=0$ . $RX^{*}=j*x*$ $\mathcal{K}$
. $x^{*},$ $y^{*}\in X^{*}$
$<Rx^{*},$ $Ry*>\kappa=<j^{**}X,j^{*}y^{*}>_{\mathcal{K}}=<jj**,*=Xy><Rx*,*y>$ .
$\mathcal{K}$ $R$ - .
.
Theorem 2(N. Aronszajn [1]) A . A: $\Lambda\cross\Lambdaarrow \mathbb{R}$ pos-
itive deninite kernel , (a), (b), (c)
- .
(a) $H(k)$ $\Lambda$ ,
(b) $\{k_{\lambda} : \lambda\in\Lambda\}\subset \mathcal{H}(k)$ , $k_{\lambda}\equiv k(\lambda, t)$ ,
(c) $\lambda\in\Lambda$ $\phi\in \mathcal{H}(k.)$ $(\phi, k_{\lambda})7t(k)=\phi(\lambda)$ .
$\mathcal{H}(k)$ $k$ (reproducing kernel Hilbert space)
RKHS .
Proof. $\mathcal{H}0\equiv$ linear span of $\{k_{\lambda} : \lambda\in\Lambda\}$ , $\mathcal{H}0$ bilinear fonn
.
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$\phi=\sum_{i=1}\alpha_{i\lambda_{i}}nk,$ $\psi=’\sum_{j=1}^{m}\beta jk_{t},$$(ji, \beta_{j}\alpha\in \mathbb{R}, \lambda_{i}, t_{j}\in\Lambda)$
$S( \phi, \psi)\equiv\sum_{i=1}nm\sum_{1j=}\alpha_{i\beta_{j}k(\lambda_{i}},$ $t_{j})$
$s$ well defined, symmetric positive . $s(\phi, k_{\lambda}.)=\phi(\lambda),$ $\phi\in$
$\mathcal{H}_{0},$ $\lambda\in\Lambda$ .
$s(\phi, \psi)=0\Rightarrow\phi=0$ . $(\phi, \psi)\equiv s(\phi, \psi),$ $\phi,$ $\psi\in \mathcal{H}_{0}$ $(\cdot, \cdot)$
H . $\mathcal{H}\equiv\overline{\mathcal{H}_{0}}^{(\cdot,\cdot)}$ H ,
$\mathcal{H}(k)\equiv\{\phi:\emptyset;\Lambdaarrow \mathcal{R}_{1}, \exists h\in \mathcal{H}\mathrm{s}.\mathrm{t}.\phi(\lambda)=(h, k_{\lambda})_{\mathcal{H}}\}$
, $\phi_{1}(\lambda)=(h_{1}, k_{\lambda})_{\mathcal{H}},$ $\phi_{2}(\lambda)=$ ( $h_{2}$ , k\mbox{\boldmath $\lambda$})
$(\phi\iota, \emptyset 2)_{\mathcal{H}(}k,)\equiv(h_{1}, h_{2})_{\mathcal{H}}$ .
$\mathcal{H}(k)$ $( , \cdot)_{\mathcal{H}(k)}$ . well defined $\mathcal{H}0\subset \mathcal{H}$
. $\mathcal{H}(k)$ . $k_{\lambda}$ $\in \mathcal{H}(k^{\wedge}),$ $\phi\in \mathcal{H}(k)$
$(\phi, k_{\lambda})7\mathrm{t}(k.)=(ll,’ k_{\lambda})H=\phi(\lambda)$ .
-
Theorem 3 $k_{R}(.\mathit{7}j^{**}, y)=<Rx^{*}.y^{*}>$ $k_{R}^{\wedge}$ $X^{*}\cross Y^{*}$ positive definite
kernel . $\mathcal{H}(k_{R},)\cong \mathcal{H}_{R}$ .
Proof. $\mathcal{H}(k_{R})\ni\phi$ : $X^{*}arrow \mathbb{R}$ $k_{R}$ continuous biline. $\mathrm{a}\mathrm{r}$ form
$\mathcal{H}(k_{R})\subset X^{**}$ . $k_{R}(x^{*}.\cdot)=<Rx^{*},$ $\cdot>$ $\mathcal{H}(k_{R}^{\wedge})\subset X.$ Lemma 1
Theorem 1, 2 $x^{*}\in X^{*}$
$||k_{R}(X^{*}, \cdot)||2\mathcal{H}(k_{R}.)=k_{R}(x^{**}, x)=<RX^{*},$ $X^{*}>=||Rx^{*}||_{\mathcal{H}}2R^{\cdot}$
$\phi$ : $\{k_{R}(x^{*}, \cdot);X^{*}\in X^{*}\}arrow R(X^{*})$ onto, isometric .
$\{k_{R}(x,)*.X^{*};\in X^{*}\}=\mathcal{H}(k_{R})$ $\overline{R(_{J\lambda’}*)}=\mathcal{H}_{R}$ $\phi$
$\tilde{\phi}$ : $\mathcal{H}(k_{R})arrow \mathcal{H}_{R}$
onto, isometric . $\mathcal{H}(k_{R}^{\wedge})\cong \mathcal{H}_{R}$ . $\square$
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2 $X,$ $Y$ .
$\mu x,$ $\mu_{Y}$ $(X, B(X)),$ $(\iota’, \beta(Y))$ , $\mu_{X\mathrm{Y}}$ $\mu x,$ $\mu_{Y}$
$(X\cross l^{r}, B(x)\cross B.(Y))$ .
$A\in B(X)$ $\mu_{X}(A)=\mu_{XY}(A\cross \mathrm{Y})$
$B\in \mathcal{B}(Y)$ $\mu_{\mathrm{Y}}(B)=\mu_{X\mathrm{Y}}(X\cross B)$
.
$\int_{\lambda^{\Gamma}}||X||^{2}d\mu_{X}(x)<\infty,$ $\int_{1’}||y||2d\mu Y(y)<\infty$
$7?l=(m_{1}, m_{2})\in X\cross Y$ .
$(x^{*}, y^{*})\in x*\cross Y^{*}$
$<(n\mathrm{z}_{1}, m_{2}),$ $(X^{*}, y)*>= \int_{\lambda’\cross}Y)<(X, y),$$(x^{*},$ $y^{*}>d\mu_{XY}(_{X}, y)$
$m_{1},$ $nx_{2}$ $\mu_{X},$ $\mu_{1’}$ .
$\prime \mathcal{R}=iX^{*}\cross Y^{*}arrow X\cross]\prime r$
.
$(x^{*}, y^{*}),$ $(\tilde{4}^{*}, w^{*})\in x*\cross\iota^{r}\cdot*$
$<,$ $>$
$=$ $\int_{d\iota^{r}\mathrm{X}1^{f}}<(x, y)-\gamma\gamma l,$ $(x*, y^{*})><(x, y)-tn,$ $(Z^{*}, w^{*})>d\mu_{X1}’(_{X}, y)$
$R_{11}$ : $\mathrm{x}*arrow X$ {$l_{X}$ , $R_{22}$ : $Y^{*}arrow Y$ $\mu_{Y}$
. $R_{12}=R_{21}^{*}$ : $1^{\nearrow*}arrow X$ .
$(x^{*}, y^{*})\in Y^{*}\cross X^{*}$
$<R_{12}y^{*},$ $x^{*}>= \int_{\lambda’\cross 1’}-(<X-7n_{1}, X^{*}><y-m_{2}, y>d\mu XYx, y)*$
$R_{12}$ $\mu_{XY}$ (cross covariance operator) .
$\mu_{XY}=[(0,0)$ $]$ $\mu x=[0, R_{X}],$ $\mu_{Y}=[0, R_{Y}]$ .
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$R_{X}$ $H_{d\mathrm{Y}’}\subset X$ $R_{1^{\gamma}}$ $H_{1’}\subset 1^{\nearrow}$ ,
H $x$ $i.\mathrm{x}^{r}$ $H_{Y}$ $Y$ $j_{Y}$
$Rx=j_{\lambda}j*\lambda’ R_{1’}=i_{1}\prime i1’*$ . .
$H_{\text{ } }X$ , $H_{\dot{Y}}$ $Y$
,2 : $H_{1’}$ \rightarrow H
$R_{X\mathrm{l}^{\nearrow=}}j_{X}V\lambda’1\prime j_{Y}$ , $||V_{X’\mathrm{l}}\cdot’||\leq 1$
. .
Theorem 4 $l^{\iota_{X\mathrm{l}’}\cdot\sim_{l^{\iota}}}x\otimes\mu_{1’}$. $V_{XY}$ . $\backslash /=\vee\backslash$
(Hilbert-Schmidt type) $||V_{\lambda^{r}Y}||<1$ .
$l^{l}x\iota’$ $I(\mu_{XY})$
.
$\mathcal{F}=\{(\{A_{j}\}, \{B_{j}\});\{A_{j}\}$ $l^{l}x(Aj)>0$ $x$ \urcorner p .| , $\{B_{j}\}$
7 $(B_{j})>0$ $\iota^{r}$ }
$I( \{lX\mathrm{z}\cdot’)=\sup\sum_{i,j}l\iota XY(A_{i}\mathrm{x}B_{j})\log\frac{\mu_{\lambda’1^{\prime(}}A_{i}\cross B_{j})}{\mu x(Ai)\mu\iota\prime(Bj)}$
. $(\{A_{i}\}, \{B_{j}\})\in \mathcal{F}$ .
.
{ $l_{X1}\cdot r<<l^{\iota x}\otimes\{\iota \mathrm{l}\cdot-$




$X$ Banach , $\mu_{X}=[0, R_{X}],$ $H-\backslash ^{r}$ $Rx$ .
$L_{X}$ \equiv 7II II $L_{2}(X, \mathcal{B}(X),$ $l\iota x)$ , $L_{X}$
$<f,$ $g>_{L}= \mathrm{x}\int_{\iota^{r}}<x,$ $f><X,$ $g>d\mu X(X)$
Hilbert . $j_{X}$ : $H_{\lambda’}arrow H_{d\iota^{r}}$ , $U_{X}f=j_{\mathrm{Y}}^{*},f$ , $f\in$
$x*$ unitary operator $U_{-\backslash ’}$ : $L_{X}arrow H_{X}$ . Radon-Nykodym
.
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Lemma 2 (Pan [7]) $X$ Banach , $l^{\iota_{X}}=[0, R_{X}],.\mu\iota’=[7n, R_{1’}]$
. $\mu_{X}\sim_{l^{l\mathrm{J}}}.r$ (1), (2), (3)
.
(1) $H_{1^{\prime=}}-H\mathrm{l}^{=}$ ,
(2) $7?l\in H_{d}1’$ ,
(3) $JJ^{*}-I_{x\prime:}$ Hilbert-Schmidt operator,
, $H_{\lambda’},$ $H1^{r}$. $R_{X},$ $R_{1}\cdot-$ RKHS, $.J$ : $H_{1^{r}}arrow H_{z\mathrm{Y}}$ $contim\iota O\mathrm{t}S$ injec-
tion, $I_{\mathrm{X}’d}$. : $H_{\lambda^{r}}arrow H_{z\iota’}$ identity operator .
(1), (2), (3) , $\{\lambda_{n}\}$ 1 $J.\dot{J}^{*}$ , $\{v_{n}.\}$ $\{\lambda_{n}\}$
, . .
$\frac{\mu\iota_{1’}}{l^{l_{d}}\backslash },$
$(x)$ $=$ $\exp\{U_{d\iota}^{-}\prime 1[(JJ\star)-1/2l\uparrow?](_{X})-\frac{1}{2}<\prime n,$ $(J.J*)^{-}1m>_{Hx}$
$- \frac{1}{2}\sum_{1\eta=}^{\infty}[(U_{\backslash - l}^{-},1v,\mathrm{I}^{2}(X)(\frac{1}{\lambda_{n}}-1)+\log\lambda n.]\}$ ,
, $U_{d1’}$ : $L_{X}arrow H_{d}\iota’$ unitary operator.
(1), (2), (3) 1 $\mu_{X}\perp\{l\mathrm{l}’$’ .
Lemma 3 $R_{X}$. : $x*arrow z.\mathrm{X}^{r},$ $R_{Y}$ : )$”arrow l’$ .
$\mathcal{R}_{X\mathrm{C}\mathrm{l}’}\equiv$
$\mathcal{R}_{X\Theta \mathrm{l}^{-}}$, : $X^{*}\cross l^{\nearrow*}.arrow X\cross l’$ symmetric, positive .
$H_{\backslash ’}.,$ $HY,$ $H_{p}\nwarrow’\cross 1’$. $R$. $x,$
$R1’\cdot,$ $\mathcal{R}X\cross 1^{r}$. $RI\mathrm{f}HS$ $H_{d}\backslash ’\cross \mathrm{z}’\cong H_{-\backslash }’\cross H_{Y}$
.
.
Theorem 5 $l^{\iota_{X\mathrm{I}’}\sim}l\iota.\iota’\otimes \mathrm{g}l.\mathrm{l}^{r}$ $I(_{l^{\iota},x1^{\gamma}})<\infty$
$I( \{^{(}\cdot’\backslash ’\mathrm{J}^{=})=-\frac{1}{2},\sum_{?=1}\log(1-\gamma,?)\infty$





. $\lambda$ : $X\cross \mathcal{B}(Y)arrow[0,1|$ (1), (2) .
(1) $x\in X$ $\lambda(x, \cdot)=\lambda_{x}$ $(l’, B(Y))$
(2) $B\in B(Y)$ $\lambda(\cdot, B)$ (X, $B(X)$ ) .




$\mu_{Y}(B)=\int_{\lambda’}\lambda(_{X}, B)d\mu x(X)$ ,
$C\in B(X)\cross B(\iota_{)}^{\Gamma}$
$\mu,x\mathrm{l}’(C’)=\int_{\mathrm{X}’}=(\lambda x, c_{x})d\mu \mathrm{x}(x)$




$X=l^{7}$’ $\lambda(x, B)=_{lz(}lB-x),$ {$\iota Z=[0, R_{Z}]$ .
$\mu_{Z}$ .
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